Aims: We investigated whether common iliac artery balloon occlusion (CIABO) was effective for decreasing blood loss during cesarean hysterectomy (CH) in patients with placenta previa with accreta and was safe for mothers and fetuses. Methods: Of the 67 patients who underwent CH for placenta previa with accreta at our facility from 1985 to 2014, 57 patients were eligible for the study. The amount of intraoperative bleeding during CH was compared between three groups: surgery without blood flow occlusion (13 patients), internal iliac artery ligation (15 patients) and CIABO (29 patients). Additionally, multivariate analysis was performed to assess risk factors for massive bleeding during CH. Results: The mean blood loss in the CIABO group (2027 AE 1638 mL) was significantly lower than in the other two groups (3787 AE 2936 mL in the no occlusion, 4175 AE 1921 mL in the internal iliac artery ligation group; P < 0.05). Multivariate analysis showed that spontaneous placental detachment during surgery (odds ratio [OR] 49.174, 95% confidence interval [CI] 4.98-1763.67), a history of ≥ 2 cesarean sections (OR 9.226, 95% CI 1.07-231.15) and no use of CIABO (OR 26.403, were significantly related to massive bleeding during surgery. There was no case of necrosis resulting from ischemia. The mean radiation dose during balloon placement never exceeded the threshold value for fetal exposure. Conclusion: Bleeding during CH for placenta previa with accreta can be decreased by CIABO. This study also confirmed the safety of CIABO in regard to maternal lower limb ischemia and fetal radiation exposure during balloon placement.
Introduction
Placenta accreta is pathologically defined as a placenta in which the chorionic villi directly contact the muscle layer where the decidua is missing. 1 Known risk factors include placenta previa and past cesarean section. 2, 3 If placenta accreta is observed over a wide area, massive bleeding could occur during cesarean section. Therefore, placenta accreta is an obstetric complication with a high risk of maternal death. Techniques reported to be useful for reducing bleeding during cesarean section in placenta previa with accreta include conservative management and cesarean hysterectomy (CH). Conservative management is a method where, after delivery of the child, the surgery is ended with the placenta still inside the uterus; in recent years, many researchers have reported its effectiveness. 4 The largest retrospective study demonstrated that it was reportedly possible to conserve the uterus in 78% of 167 cases of placenta previa with accreta where conservative management was attempted; however, 51% experienced postoperative bleeding and 22% required a total hysterectomy after surgery. 5 It has also been reported that 58-60% of patients required a total hysterectomy for reasons such as bleeding, sepsis or disseminated intravascular coagulopathy after a cesarean section, thus a clear consensus has yet to be reached. 6, 7 Conservative management necessitates a long follow-up period with careful observation and indicated cases must be carefully considered because it is necessary to respond quickly to sudden changes. On the other hand, CH involves primary uterus removal after cesarean section, performed in combination with either internal iliac artery ligation (IIAL) 8 or balloon occlusion catheter placement in the internal iliac artery (internal iliac artery balloon occlusion, IIABO). 9 However, it has been reported that compared to IIAL, IIABO does not control bleeding during the perioperative period. 10, 11 We encountered 28 patients with placenta previa with accreta who were primarily treated with CH combined with IIAL. However, no significant difference was found upon comparison of the blood loss between the groups with or without IIAL. We believe this was because of the increased collateral circulation from the external iliac artery to the gravid uterus. 12 In 2005, Shih et al. reported that intraoperative bleeding in patients with placenta previa with accreta could be reduced by placing a balloon occlusion catheter in the common iliac artery for temporary blood flow occlusion during CH. 13 Therefore, since 2006, we have been performing balloon occlusion catheter placement in the common iliac artery (common iliac artery balloon occlusion, CIABO) in surgery for placenta previa with accreta. In the present study, we examined whether CIABO is useful for reducing the blood loss during CH compared to previous procedures and discuss its safety and limitations.
Methods
We retrospectively analyzed 67 patients who underwent CH for placenta previa with accreta at our facility between 1985 and 2014. The ethics committee of Saitama Medical Center/Saitama Medical University approved the study. The requirement for informed consent was waived because of the retrospective nature. All methods were performed in accordance with the Ethical Guidelines for Medical and Health Research Involving Human Subjects issued by the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of Health, Labour and Welfare of Japan (http://www.lifescience.mext.go.jp/ files/pdf/n1500 01.pdf). Ten patients were excluded from the study for the following reasons: hysterectomy was performed in three patients who were transported by emergency means to our hospital from other facilities; delayed hysterectomy was attempted in two patients who had undergone cesarean delivery; the balloon broke during surgery in two patients; the balloon aberrantly entered the external iliac artery in one patient; the balloon was ineffective in one patient because of the wide diameter of the bilateral common iliac artery; and bleeding could not be measured in one patient due to bladder injury. The remaining 57 patients who underwent CH in our department were selected as the study subjects (Fig. 1) .
A retrospective comparison of the amount of intraoperative blood loss was performed between the following groups: CH was performed between 1985 and 2000 without blood flow occlusion (no occlusion group: 13 patients), CH was performed using internal The CH procedure with CIABO is as follows. Placement of a 6Fr. balloon catheter was performed under fluoroscopic guidance in the angiography room. When a balloon inserted from the inguinal region is placed in the common iliac artery on the same side, arterial blood flow could cause catheter folding, making it easy for the balloon to shift out of position after dilation. Considering this potential problem, we altered the procedure used by Shih et al. 13 so that balloons were placed by crossing over to the common iliac artery on the opposite side; that is, a catheter inserted from the right femoral artery was used to place a balloon in the left common iliac artery, and a catheter inserted from the left femoral artery was used to place a balloon in the right common iliac artery (Fig. 2) . Even when the balloon was dilated, its size was adjusted to decrease peripheral circulation in the common iliac artery, not to completely eliminate the blood flow (Fig. 3) . Next, 5 mL of an iodinated contrast agent was infused, and approximately 1 mL of balloon dilation solution was used to adjust the balloon size to cause a three-fold delay to allow the contrast agent in the internal and external ileac arteries to dissolve. The patient was then moved to the operating room, and catheters were placed in bilateral ureters in order to prevent ureteral damage during the surgery. Immediately before the surgery commenced, trial dilation of the balloons was performed to check that the pulse wave of the pulse oximeter attenuated but did not completely disappear (Fig. 4) . The uterine incision was made superior to the placenta at some distance away to avoid causing spontaneous placental detachment. After the child was delivered, the umbilical cord was clamped and returned to the inside of the uterus and the uterine incision was sutured and closed. The balloons were dilated when intensive bleeding was observed or when the bladder was detached from the uterus. The balloons were deflated when closure of the vaginal stump was complete. Because of the concern of lower limb ischemia resulting from prolonged balloon dilation, the balloons were dilated for ≤ 60 min and pulse oximeters were worn on both halluces. To prevent thrombosis of the lower limbs, 3000 units of unfractionated heparin were intravenously infused immediately before balloon dilation, and after the balloons After the balloons were dilated during the surgery, blood from the dorsalis pedis artery was drawn, and arterial blood oxygen tension (PaO 2 ) and the serum potassium level were measured to check for effects of ischemia of the lower limbs of the mother. In addition, the cumulative radiation dose when the balloons were placed in the common iliac arteries was measured.
Statistical analysis software JMP version 10.0 was used. Tukey-Kramer honest significant difference tests were performed for group comparisons and multivariate analysis to assess risk factors for massive bleeding during CH. A significant difference was observed with P < 0.05.
Results
As shown in Table 1 , no significant differences between the three groups were observed regarding age, number of pregnancies, number of births, number of gestational weeks and operation duration. However, the amount of blood loss was significantly lower in the CIABO than in the no occlusion (P < 0.05) and IIAL (P < 0.01) groups (Table 1 ). In addition, multivariate analysis showed that spontaneous placental detachment, non-use of CIABO and a history of ≥ 2 cesarean sections were significantly associated with massive intraoperative bleeding (≥ 1500 mL). The odds ratio (OR) of massive bleeding when CIABO was not used was 26.403 (confidence interval [CI] 95% 3.20-645.17; P = 0.005) ( Table 2) .
The mean time of balloon dilation during the operation was 41.8 AE 15.0 min. Because of the concern of ischemic necrosis in the lower limbs as a result of balloon dilation, peripheral arterial blood was drawn every 10 min after dilation in 11 of the 29 CIABO group patients to measure oxygen tension (PaO 2 ) and serum potassium levels. The results showed that PaO 2 was maintained at 90 mmHg or higher, with no hyperkalemia. None of the 29 patients displayed The pulse wave is shown attenuating but not disappearing after balloon dilation, and oxygen saturation is maintained at 100%. (Fig. 5) . The mean radiation dose during balloon placement in the bilateral common iliac arteries was 29.4 AE 25.0 mGy.
CIABO was not successful in four of the ineligible patients. The balloon broke in two patients, resulting in blood loss of 1400 mL as a result of unilateral balloon breakage and 2190 mL because of bilateral balloon breakage. The pulse wave of the oximeters worn on both halluces did not attenuate in one patient, even after the balloon was maximally inflated, resulting in 6000 mL of blood loss during surgery and completely disappeared in one patient after bilateral balloon dilation during surgery. This was attributed to the bilateral aberrant entry of the balloon into the external iliac arteries and resulted in 4000 mL of blood loss.
Discussion
Our results suggest that blood loss is significantly lower when CH is combined with CIABO than in either CH performed without blood flow occlusion or CH combined with IIAL. Multivariate analysis of risk factors for blood loss during CH revealed that CIABO is an independent factor for reducing blood loss during CH in patients with placenta previa with accreta. Since Shih et al.'s study, 13 a number of reports have demonstrated the efficacy of CIABO, 14, 15 while Sinan et al. reported that there was no significant difference in intraoperative blood loss or transfusion between 25 patients who underwent CH with and 27 who underwent CH without the use of CIABO for placenta previa with accreta. 16 Because the numbers of patients were limited in these retrospective studies, a largescale, multicenter prospective study needs to be performed.
Many studies have reported successful conservative management of placenta previa with accreta. Rauf et al. recently reported that hysterectomy was avoided in 32 patients with placenta previa with accreta by IIAL and endouterine hemostatic suture; however, hysterectomy was necessary in six patients. 17 We have also had successful cases of conservative management, but the limitation of conservative management is that many cases are not validated by pathological findings. Therefore, in this study, we focused on cases that underwent CH. Collateral circulation connecting the internal iliac artery with the external iliac artery, such as the gluteal, obturator and iliolumbar arteries is possible. 18, 19 Even if blood flow in the internal iliac artery is occluded, blood flow to the uterus is maintained via collateral circulation from the external iliac artery, thus bleeding is not sufficiently controlled by occluding the internal iliac artery only. It is believed that bleeding is controlled by blocking circulation in the common iliac artery in order to simultaneously block circulation in both the external and internal iliac arteries.
Reported methods of interruption of blood flow include total occlusion within 60 min 14 and repeated inflation and deflation every 5 min, 15 but we have used partial occlusion until the blood flow speed reaches 1/3. This method of blood flow interruption, even when performed for 40 min, does not reduce the partial oxygen pressure or increase the potassium levels of dorsalis pedis arterial blood, and no patients have experienced any complications, such as necrosis resulting from lower limb ischemia. A tourniquet used at the time of surgery for arms and legs can cause incomplete ischemia by using air pressure to block circulation, and according to a previous report, injury to the muscles can be minimized if the ejection time is within 90 min. 20 Therefore, surgery can be performed safely if incomplete ischemia from CIABO is within 60 min.
Radiation exposure of ≤ 100 mGy to the fetus during the latter period of pregnancy is believed to have a negligible effect. 21 The mean radiation dose from angiography during balloon placement in our cohort was 29.4 AE 25.0 mGy, which did not exceed the threshold value. Thus, balloon placement can be performed without exposing the fetus to excessive radiation.
Thrombosis in the external iliac artery is reported as a complication of CIABO, but thrombosis did not occur in the 29 patients who underwent CH using CIABO in our study. While thrombosis was reported in cases in which heparin was not administered 22 or periodic local infusion of heparinized saline solution was performed through the balloon catheter, 14 in our department, 3000 units of unfractionated heparin is infused immediately before balloon dilation.
The four patients deemed ineligible for the study because of balloon problems are discussed further as follows. A latex balloon made by Selecon Company was used in the initial 10 patients, but the balloon broke in two. The balloon was subsequently switched to a polyvinyl chloride balloon made by Clinical Supply Co and no breakage has since occurred. Although a balloon diameter of 1 cm is usually sufficient for use in CIABO, blood flow did not decrease when the balloon was dilated in one patient because of the wide internal diameter of the common iliac artery. In patients such as these, a balloon catheter with a larger diameter must be available.
In the initial cases, complete disappearance of pulse waves in pulse oximetry taken from both halluces occurred and was attributed to deflection of the catheter because of the blood flow, causing aberrant entry of the balloon into the external iliac artery. Aberrant balloon entry into the external iliac artery can not only cause crash syndrome because of complete ischemia, but also increased blood flow to the internal iliac artery and increased intraoperative blood loss. Therefore, in subsequent cases, the balloon was placed between the catheter insertion site and the contralateral common iliac artery in order to prevent deflection of the catheter, as shown in Figure 2 . After checking attenuation of the pulse wave by the internal iliac artery or pulse oximetry at the hallux after balloon dilation once the patient had been placed in the surgical position, it was considered that surgery would never be performed with the balloon aberrantly entering the external ileac artery. If a balloon catheter could be placed under fluoroscopic guidance after the patient was transferred to the operating room and placed in the surgical position (which was impossible in the present study), displacement of the balloon as a result of patient transfer and positioning could be avoided.
Because this was a long-term retrospective study, it was limited a lack of sufficient information, such as the amount of blood transfusion, thus a learning bias cannot be ruled out. Future studies comparing the amount of transfused blood would provide stronger evidence of the efficacy of CIABO.
In conclusion, by combining CIABO with CH for placenta previa with accreta, perioperative blood loss could be reduced in most patients. No necrosis in the lower limbs of the mother occurred and the radiation dose to the fetus was neglible, suggesting that this procedure can be performed safely. It is important to place appropriately sized catheters by crossing them over each other. Also, to prevent performing hysterectomy with the aberrant balloon entry into the external iliac artery, it is important to check the attenuation of the external iliac artery pulse caused by the dilation of the balloons immediately before surgery.
